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@ Thermoplastic resin compositions.

@ Thermoplastic resin compositions which comprise
20-70 parts by weight of a polyvinyl chloride resin and
80-30 parts by weight of a mixed composition of the follow-
ing copolymers (A) and (B) in the following ratio:

(A) 80-50% by weight of a copolymer which com-
prises 65-90 parts by weight of a-methylstyrene with 35-10
parts by weight of acrylonitrile and 0-5 parts by weight of at
least one copolymerizable vinyl monomer and contains
30 parts by weight or more of a component having an «-
methylstyrene content of 82% by weight or higher; and

(B) 10-50% by weight of a graft copolymer obtained
by reacting 35-80% by weight of a conjugated diene rubber
and 65-20% by weight of a monomer comprising an aro-
matic monovinyl compound, an unsaturated nitrile com-
pound or an alkyl methacrylate.

These compositions have greatly improved heat resis-
tance, especially resistance to heat distortion, and impact
resistance over those of polyvinyi chloride resins.

ACTORUM AG



P

ﬂlo"'.ﬁ“l"""".. ’

0043512

* BACKGROUND OF THE INVENTION .

BACKGROUND OF THE INVENTION
1. " Field of the Invention

This invention relates to thermoplastic resin compositions

having good heat resistance or a combination of good heat re-

‘sistance and impact resistance. More particualrly, it relates

to resin compositions which comprise a polyvinyl chloride resin
and a mixture of a copolymer (Aj containing X~methylstyrene'as

a main component and a graft copolymer (B) obtained by graft

Vpélymerization of a conjugéted diehe rubber with an aromatic

.vinyl compound and & unsaturated nitrile compound or an alkyl.

methacrylate, and it relates to thermoplastic resin compo-
sitions héving greatly improved resistance to heat distortion
and impact resistance over those of polyvinyl éhloride resins.

2. "Description of ‘the Prior Art

Polyvinyl chloride resins have excellent méchanical charac-

‘teristics and electrical characteristics and possess characteris-

tic physicai properties such as transparency, flame Ietmdbthh
etc.,as well as'versatiie working characteristics, and thus they
are extensively -employed as useful plastic materials in variéﬁs '
fields of applications; .However, the res}ns of thiS‘typé have a
thermal distértion temperature of 65 - 70°C, and therefore

their use is limited where the articles are subjected to high

temperature environments, for example, pipes for hot water,
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automobile interior parts etc. where the indoor temperature

may become very high.

Heretofore, there have been provided various methods to

overcome this disadvantage of the polyvinyl chloride resins,

e.g., those involving incorporating an AS (acrylonitrile ;'
styrene) resin, an ABS (acrylonitrile - butadiene -~ styrene)
regin and an MBS (methyl methacrylate - butadiene -~ styrene)
resin, respectively, to polyvinyl chloride resins. There has
also been proposed a method which compriseé introducing ®-methyl-
styrene monomer as one component of these resins in order to
further enhance the effect of improving heat resistance. For
example, Japanese Patent Publication No. 24867/1970 describes
how a composition having high heat resistanée is obtained by
blending a polyvinyl chloéide resin with a copolymer of methyl

methacrylate, acrylonitrile, styrene and w-methylstyrene and a

butadiene containing polymer. However, the amount of «-methyl-

styrene in the‘copolymer is at best merely 45% by weight and

heat resistance is not-adequate. Further, Japanese Patent
Publication No. 18101/1973 describes a method'which comprises
incorpo;ating a resin (&), obtained by copolymerizing a moﬁomer
mixture consisting of 5 - 50% of methyl methacrylate, 3 - 30%
of acrylonitrile and 30 - 80% of ¥-methylstyrene together with
~a butadiene containing graft bolymer;into a polyvinyl chloride
resin. Howevér, it can be estimated from the reactivitj on co-
polymerization that by this method it is praétically impoésible
to make the X-methylstyrene content in this copolymer (A) 70%

by weight or higher even locally.
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the . ' S
We have discoveraé that/high heat resistance which has

not been achieved in the above-described prior art techniques

can be obtained by incorporating a copolymer (2), which is a

copolymer comprising 65 - 90 pafts by weight of X-methylstyrene

with 35 - 10 parts by weight of acrylonitrile and 0 - 5 parts

and .
by weight of at least one copolymerizable vinyl monomer /containing

30 parts by weight or more of a component having an X-methyl-

styrene content of 82% by weight or higher, and.a graft copoly-

mer (B) obtained by reacting 35 - 80% by weight of a conjugated

diene rubber with 65 - 20% by weight of a monomer comprising an -
aromatic mdnovinyl compound and an unsaturated nitrile compouhd
or an alkyi methacrylate,into a polyvinyl chloride resin,

and thus accomplished this invention.

" 'SUMMARY OF THE INVENTION

Accdfdingly, this invention provides a thermoplastic
resin composition which comprises 20 - 70 barts by weight of
a polyvinyl chloride resin and 80 - 30 parts by weight of a
mixed composition of the féllowing copolymers (A) and (B) in
the following mixing ratio:
(A). 90 - 50%-by weight of a éopolymer which comprises
765 - 90 parts by wzight of X-methylstyrene with 35 - 10
parts by weight of acrylonitrile and 0 - 5 parts by.weight
of at least one copolymerizable vinylnommmx'mxlcmnahm;307
"by weight or more of a component having anw -methylstyrene
content of 82% by weight or higher; and
(B) 10 - 50% by weight of a graft copolymer obtained by

reacting 35 - 80% by weight of a conjugated diene rubber
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and 65 - 20% by weight of a monomer or monomers comprising an

aroratic monovinyl compound, ain unsaturated nitrile compound

or an alkyl methacrylate.

DESCRIPTION OF THE PREFERRED EMBODIMENT

One component of the compositions of this invention is an
%rmethflstyrene containing copolymer (A). Said copolymer is
used to impart heat resistance to the intended composition
and .may be obtained as follows: w«-Methylstyrene monomer
is first changed into a reaction system for emuision polymeriza-
tion and, after making the system fully emulsified, acrylonitrile_
is coﬁtinuously added dropwise with a very small amount each %ime,
while in £he polymerization system the proportion of the K-methyl-
styrene monomer and the acrylonitirle monomer is always maintain-.
ed at éuch great excess of N—methylstyrene.aé a weight rat{o of
90/10 or higher, more preferably 95/5 or higher. Thereby the
desired copdlymer is obtained. 1In this case, t~methylstyrene
to be charged first is at least 65 parts by weight and up to 90
parts by weight. With-an amount of less than 65 parts by weight,
the-effect is inadeguate for improving heat resistance,mm;kavdth
an amount of more than 90 parts by weight, compatibility with
pélyvinyl chloride resins is lowered. The amount of acrylonitrile
to be added dropwise continuously is at least 10 parts by weight
and up to 35 parts by weight. With én amount of less than 10
parts by weight, the percent.conversion to polymer is
reduced, while with an amount of more than 35 parts by weight,
the resulting copolymer tends to color on heating and also

brings about coloration when mixed with a polyvinyl chloride
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resin. The «{-methylstvrene monomer to be charged first may
contain up to 10% by weight based on the X-methylstyrene monomer
oZ an unsaturated nitrile compound, lower alkyl esters of meth:ggéla
and acrylic acid and the like. The acrylonitrile monomer to be
continuously added dropwise may contain up to 15% by weight based
on the acrylonitrile monpmer of an ammgtﬂ:nommﬁnyl compound,

an «—-substituted type monovinyl aromatic'compoﬁnd, lower alkyl
esters of methacrylic acid and acrylic acid and the like.‘ As a
third component other thantx-methylstyrene.and acrylonitrile,

it is possible to employ up to 5 parts by weight of the aboVe—
mentioned vinyl.monomer substantiall& without adversely affecéing
heat resisfaﬁce or impact resistance, but when if is incorporated
in an amount beyond the above range, the heat resistance of the
resulting éopolymér is lowered . ’.E;nerefore, this is not desirable.

: Another comporient of the compositions according to this in-
vention is a graft copolymer (B) utilizing a conjugated diene
rubber. Said copolymer is employed to impart impact resistance
to the subject composifion. The composition of said copolymer
is such that the conjugated diene rubber comprises 35 - 80% by
weight and the total of the aromatic monovinyl compound aﬁd fhe
unsaturated nitrile compound or the alkyl methacrylate cdmprises

65 - 20% by weight, and it is ﬁreferred that the proportion of

"the alkyl methacrylate is 85 - 20 : 15 - 80 on the weight

methacrylic acid alkyl ester is 85-20 : 15- 80 on the weight
basis. The reason is that with the amount of the conjugated

diene rubber of less than 35% by weight, it is difficult to
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obtain the desired impact resistance. On the other hand, if

| the amount exceeds 80% by weight, compatibility with polyvinyl
chloride resins is inadequate and thus it is difficult to obtain
a uniform molded product. A further reason is that with

the amount of the conjugated diene rubber in excess, the effect
of ﬁquwed heat resistance is reduéed. Examples of the conju~
gated diene rubber to be used in said graft copolymer (B) include
polybuéadiene; polyisoprene,?gttadiene - stirene copolymers ,with-
out beihg restricted thereto. Examples of the monovinyl |
aromatic compound include, in addition to styrene, ~-methylsty-
rene, chlorostyrene, and t-butylstyrene. Examples of the -
unsaturated nitrile compound include acrylonitrile as well as
methacrylonitrile. Examples of the alk&l methacrylate
include methyl hethacrylate,'ethyl methacrylate.

The above-mentioned copolymer (A) and graft-copolymer (B)
may preferably be obtained by emulsion polymérizatioﬁ, but the
type of polymerization is not limited to emulsion polymerization.
Emulsion polyme¥izati6ﬁ may be carried out in a conventional
manner. For example, the abéve—mentionedrmonomer mixture may
be reacted in the presence of a free-radical initiator iﬁ an
agqueous dispersion. As the ftee—radical initiater, thsre may
- be mentioned peioxides such as potassium persulfate, ammoninm
persulfate, cumene hydroperoxide'eté. In .addition, other addi-
tives, e.g. a polymerization co-catalyst, a chain transfer
agent, an emulsifier, . which have heretofore been con-
ventionally employed in emulsion polymerization may be appro-

priately chosen and used.
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: the products molded in
The heat resistance and impact resistance oz/the composi-

tions according to this invention can vary depending not only

on the compositions of the copolymer (A) and the graft copolymer

(B) respectively but also on the mixing ratio thereof, as well

as the mixing ratio of those withthepolyvinyl chloride resin.

Therefore, the mixing ratios may be selected according to the

desired heat resistance and impact resistance of the molded articleé.
For obtaining the intended heat resistant reSiﬁ composi~

tion according to this invention, the totél amount of the co-

polymer (A) and the graft copolymer (B) is suitably 30 - 80:

parts by weight, more preferably 30 - 70 parts by weight, in.

. the total composition resultiné from.the:kmon;nﬁtrm1. thereof

in a polyvinyl chloride resin. An amount of less than

30 parts by weight is inadequate for improving the heat

- resistance of tﬁe;polyvinyl chloride fesin, while with an

amount of more than 80 parts by weight, although satisfactory

heat resistance is imparted the working temperature Secomes

higher, which induces.coloration of the polyvinyl chloride

resin due to heat. This is not desirable. 1In ordeér to success-—

fully achieve this invention, the mixing ratio on the weight

basis of the copolymer (A) and the graft copolymer (B) is

pieferably 90/10 - 580/50, more preferably 80/20-— 60/40. WHere

the copolymer exceeds 90% by weight, the impact resistance is ’

‘lowered, although the heat resistance of the polyv1nyl chlorlde

resin is effectively improved. On the other hand, with an ‘amount

of less than 50% by weight, the effect of improving the heat
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resistance is smail and on the other hand resulis in a great re-—
tensile strength./
duction in /" Mixing of the copolymer (A) and the graft copolymer

(B) may be effected in a conventional manner.

When the compositions of this invention are subjectedrto
working, commonly employed heat stabilizers, lubricants, pigments,
fillers etc. are used as required. Specifically
as heat stabilizer there may be employed, for example,

' organic_tin based stabilizers such as organic tin maleates,
organic tin laurates, organic tin mercaptides etc., lead salt
based stabilizers such as white iead, tribasic'lead sulfate,
dibasic lead phosphiée, dibasic lead pHthalate, tribasic lead.
maleate,rlead silicate and its silica gei co-precipitate etc.,

or metal soap stabilizers, e.qg. lead( cadium, barium(

zinc, calcium salts of higher fatty acids. It is also possible
to use, in combination with the above, epoxy cdmpounds such as
.epoxylated_éoybean oil, epoxylated linseed o0il, and organic-
phosphite»compounds such as triphenyl phpsphitZ?dtrinonylphenyi
s phosphite’. As lubricant, there.may be émployed saturated
fatty acids such as stearic acid,~palmitic acid aqd ester
compounds thereof, natural waxes. such as carnauba wax, candelilla
an ' synthesized waxes such as efhylene bisstearylamide,
'polyethylene oxide, low molecular weight polyethylene , or
‘liquid paraffin. -Further as fillers, calcium carbonate,
clay, silica, talc, carbon black etc. as well as Flame getarders

such as antimony trioxide, metastannic acid etc. may be added

as required. Still further, it is also possible
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to use a small amount of a plasticizer such as phthalic acid
esters, adipic acid esters, sebacic acid esters, phosphoric
acid esters oOr polyesters.

This invention is.more particularly described by the follow-
ing examples, in which all the "parts" mean "parts by weiéhtf.

" Examples and Comparative Examples

1l) Production of Copolymers (A) .
The following materials were charged into a reactor equipped
with a stirrer.

Water ) ' 250 parts

Sodium laurate ‘ , S 3 parts
Sodium formaldehyde sulfoxylate 0.4 part
Ferrous sulfate o - - 0.0025 part

Disodium ethylenediaminetetraacetate 0.01 part

After flushing with purified nitrogen and subsequent
heating with stirring at 605C in a nitrogen stream, the
monomer mixture (I) indiéated in Table 1 was charged. After
fully emulsifying and mixing the system, the monomer mixture
(II) indicated in Table 1 was continuously added dropwise.
"On completion of this addition, stirring was further continued
at 60°C, and the polymerization was terminated. The latex ip
the course of the reaction was taken as samples, and the compo-
sition was analyzed and the conversi;n to polymer . measured.‘
The percent conversion to polymer of the thué obtain-

ed copolymer and its composition in the course of the reaction

are given in Table 1. The copolymers of this invention, as those
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indicated by A-1l to A-6 in Table 1, contain therein a copolymer
containing 82% by weight more of «{-methylstyrene. On the other
hand, the case where the amount of (-methylstyrene to be charged

-

first was 95 parts by weight was given as Comparative Example
A-7, in which the conversion to polymer d&ropped remarkably

and therefore further investigation was stopped. In
the rest of the comparative examples, polymerization was éfféct-
ed either by charging 60 parts by weight of ®-methylstyrene
first or continuously adding dropwise a uﬂiform mixture of X-
'methylsp§rene and acrylonitrile from the start. In either case,
it was difficult to make the omethylstyrene content 82% by .
weight of higher even locally, and it was believed that a 1:1
alternétive copolymer of tmethylstyrene - acrylonitrile of

t-methylstyrene - methyl methacrylate comprised the greater

part.
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2) Producticn of Graft Copolymers (B)
The following materials were charged into a reactor equipped

with a stirrer.

Water , 250 parts
Sodium formaldehyde sulfoxylate 0.2 part
Ferrous sulfate ' . 0.0025 part

Disodium ethylenediaminetetraacetate 0.01 part

Polybutadiene 60 parfs

After flushing with purified nitrogen and subsequent
heating with stirring at 60°C in a nitrogen stream, 40 parts
of the following monomer mixture was continuously added
dropwise together with 0.3 part of cumene hydroperoxide. On
‘completion of the addition, stirring was further continued
at 60°C and then the polymerization was terminated.

'B-l: 12 parts of acryionitirle and 28 parts of styrene

B-2: 57parts of acrylonitrilé, 10 parts of meth&l meth-

acfylate and 25 parts of styrene

3) Production of Therhoplastic Resin Compositions

The copolymer (A) and graft copolymer (B) produced as desc-
ribed aBove were mixed together in the latex form in a sdlids:
"weight ratio of 75: 25, and this mixed latex was, after adding
an antioxidant, coagulated with calcium chloride, washed with
water, filtered out énd dried tb obéain a powder composition (C).
'Examéle 1 |

Sixty grams of the thus obtained mixed composition (C) of
the copolymer (A) and the graft copolymer (B) and 40 g Of polyvinyl

chloride (Kanevinyl S-1001, produced by Kanegafuchi Chemical)
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together with 1 g ¢f dioctyltin maleate, 1 g of dioctyltin

mercaptide and 0.3 g of a low molecular weight polyethyiene
were kneaded on a roll mill heated to 185°C for 8 minutes.

The sheet treated on the roll mill was pressed aﬁ 13%0°C and
lOO_kg/cm2 for 15 minutes. The»physical properties of the

prodﬁct are shéwn in Table 2.

As evident from Table 2, Exampies C-1 to C-6 exhibit
exceilent mechanical properties, inter alia, high heat
distortion temperature and impact strength. Those using the
copolymers A-8, 9 and 10 respectively as the Comparati&e
Examples are poor in heat resistance. ,That using A-8 shows

significant coloration.




0043512

14

%

UOTILIOTOO Ou mzmms 2wON,, "m%w pexeu a2yl yztm PIBpnL by

899-0 WISV €Ex
9£9~a WISV <« :
962-a WISY T«

ow on _ ol nwww ON ON ON ON ON ON ON

06 T6 06 68 €6 E£6. €6 6 ¥6 ¥6 96

GES 9ES TIPS SES TES €€S BES EES LES SES  €9G
6€ Ty €v LY € LE Tv by Ty OV €2

-4 ¢-8 1-8 T-4 T1-8 1-8 1-€ T1-4 ¢-g T-€ T-€
0T-¥ 6-Y 6-Y 8=Y 9=V S-Y =¥ -V Z-¥ g-¥ T-v
0T-0 6-0 6-0 8-0 9-D0 &-D §=0 €-D Z=D &=D T-D
oTdwexy ealjeiedwuc) sTduexy

¢z oTqer

py UOTIEIOTOD JO a3e3s

(Do)
gy dwa] uUoT31I03STQ ICSH

(zwo/bYy)
Zx yzbusxyg aTISUI

(wo/wo - byf)
Tx yyhbuaiys aoedur 304y

(g) aswktodon
(¢) zswltodo)d



10

15

20

25

30

35

0043512

Examnla 2

Similarly as in Example 1, the composition according

to the Example C1 and polyvinyl chloride resin, both
in various amounts as indicated in Table 3, were mixed
and treated together with 1 g of dioctyltin maleat, 1 g
of dioctyltin mercaptide and 0.3 g of a low molecular
weight polyethylene to obtain various compositions, whose
properties were measured. ’

From these results it can be seen that the composi-
tions of this invention (C—23 to C~28)are excellent both
in impact strength and in heat resistance.
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Example 3

Sixty grams of each of mixtures of the copolymers (A) and

(B) mixed in various ratios indicated in Table 4 and 40 g of -
polyvinyl chloride resin were processed similarly‘as in
Example 1 to prepare test specimens.

As can be seen from the values of the physical properties,
Exgﬁples D-2 to D-5 in which the mixing ratios of the copolymers
(A) and (B) are in the range established by this invention have
hiéh heat distortion temperature and impact stféngth. Where too
:much of the graft copolymer (B) is present, the heat dis-
tortion temperature cannot be improved effectively. and also
impact strength is reduced.  On the other hand, in the fénge
where the graft copolymer is less than 10 parts, it seems there

is almost no impact strength.

Table 4
Comp. ' Comp.
Ex. Example Ex.
7 D-1 D-2 D-3 D-4 D=5 D-6

Copolymer A-2 (pts) 40 50 60 75 %0 100
Copolymer B-1 (pts) 60 50 40 25 10 0
Izot Impact Strength
(kg -cm/cm) 52 54 61 40 12 2
Tensile Strenéth :
(kg/cm2) 440 477 508 535 581 _610
Heat Distortion .
Temp. (°C) 86 89 %1 | 94 98 102
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what is Claimed is:

1. A thermoplastic resin composition which comprises
20 - 76 parts by weight of a polyvinyl chloride resin and
80 — 30 parts by weight of a mixed composition of the follow-
ing copolymers (A) and (B) in the following mixing ratio:
(A) 90 - 50% by weight of a copolymer which qomprises
65 — 90 parts by weight ofo(—methylstyrene with 35 - 10
parts by weight of acrylonitrile ané 0 - 5 parts by weight
of at least one cépolymerizable vinyl monomer and contains"
30 parts by weight or more of a ¢component having an
v~methylstyrene content of 82% by wg;ght or higher; and
(B) 10 - 50% by weight of a graft copolymer obtained by
reacting 35 - 80% by weight of a conjugated diene rubber
and 65 - 20% by weight of a monomer or monomers
comprising an aromatic monovinyl compound, an unsaturated

nitrile compound or an alkyl methacrylate.
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